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Release of 5'-Guanosine Monophosphate and Adenine by Brucella
abortus and Their Role in the Intracellular Survival of the Bacteria
Abstract
Brucella abortus releases two components (fractions 3b and 10) that inhibit the myeloperoxidase-
H202-halide antibacterial system of bovine neutrophils by inhibiting degranulation. Fractions 3b and 10 were
analyzed by high-performance liquid chromatography and thin-layer chromotography and compared with
nucleotide and base standards. These investigations indicated that fraction 3b coeluted and co migrated with
5' -guanosine monophosphate (GMP), whereas fraction 10 coeluted and comigrated with adenine. We
determined the biologic effects of GMP, adenine, and B. abortus fractions 3b and 10 on neutrophil functions.
Iodination activity of neutrophils was inhibited to rv6507o of control by GMP (0.04 mg/ml) and by fraction
3b (0.04 mg/ml). Iodination was also suppressed to rvSO% of control by adenine (0.04 mg/ml) and by
fraction 10 (0.04 mg/ml). These results suggest that B. abortus produces GMP and adenine and that these
substances contribute to the intracellular survival of the bacteria.
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Release of 5'-Guanosine Monophosphate and Adenine by Brucella abortus and 
Their Role in the Intracellular Survival of the Bacteria 
Peter C. Canning, James A. Roth, and Billy L. Deyoe From the Immunology Research Laboratory, National 
Animal Disease Center, United States Department of 
Agriculture; and the Department of Veterinary Microbiology 
and Preventive Medicine, Iowa State University, Ames, Iowa 
Brucella abortus releases two components (fractions 3b and 10) that inhibit the myelo-
peroxidase-H202-halide antibacterial system of bovine neutrophils by inhibiting degran-
ulation. Fractions 3b and 10 were analyzed by high-performance liquid chromatography 
and thin-layer chromotography and compared with nucleotide and base standards. These 
investigations indicated that fraction 3b coeluted and co migrated with 5' -guanosine mono-
phosphate (GMP), whereas fraction 10 coeluted and comigrated with adenine. We deter-
mined the biologic effects of GMP, adenine, and B. abortus fractions 3b and 10 on neu-
trophil functions. Iodination activity of neutrophils was inhibited to rv6507o of control 
by GMP (0.04 mg/ml) and by fraction 3b (0.04 mg/ml). Iodination was also suppressed 
to rvSO% of control by adenine (0.04 mg/ml) and by fraction 10 (0.04 mg/ml). These 
results suggest that B. abortus produces GMP and adenine and that these substances con-
tribute to the intracellular survival of the bacteria. 
The effects of Brucella abortus strain 2308 on se-
lected in vitro bovine polymorphonuclear leukocyte 
(PMNL) functions have previously been determined 
[1]. The results of that study indicated that this strain 
of B. abortus does not appear to produce any sub-
stances that inhibit the ingestion ability of PMNLs. 
The ability of opsonized zymosan-stimulated 
PMNLs to produce superoxide anion, as measured 
by reduction of nitrobule tetrazolium dye, is not in-
hibited by whole heat-killed cells nor by fractions 
of B. abortus. The myeloperoxidase-H20 2-halide 
(MPO-H20,-halide) antibacterial activity of PMNLs 
is markedly suppressed by live B. abortus, whole 
heat-killed bacteria, and <1,000-dalton supernatant 
preparations from heat-killed B. abortus. 
Further studies [2] have been performed in which 
transmission electron micrographs of bovine PMNLs 
exposed to the <1,000-dalton supernatant of heat-
killed B. abortus have been analyzed morphometri-
cally. Those studies indicate that this material in-
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hibits MPO-HzO,-halide activity by specifically in-
hibiting degranulation of peroxidase-pOsitive PMNL 
granules. The components responsible for this inhi-
bition have been shown to be heat- and pH-stable 
materials from the supernatant of heat-killed cells 
that have molecular masses <1,000 daltons. 
Isolation of the inhibitory components (fractions 
3b and 10) has been achieved through the use of high-
performance liquid chromatography (HPLC), and 
preliminary characterization indicates that neither 
fraction contains detectable proteins or lipids. Frac-
tion 3b contains a small amount of carbohydrate, 
whereas fraction 10 does not contain a detectable 
amount. Both fractions exhibit maximum absor-
bance of UV light at 260 nm. These results are con-
sistent with the properties of nucleotides or 
nucleotide-like substances. 
Riches et al. [3] reported that lysosomal enzyme 
secretion by murine macrophages is inhibited in the 
presence of purine nucleosides. Their study indicated 
that nucleotides are converted to nucleosides through 
the action of a cell-associated 5'-nucleotidase and 
that it is the nucleoside that is responsible for the 
inhibition. Corbel and Brewer [4] have shown that 
supernatant fluids from continuous cultures of 
Brucella contain up to 100 mg of soluble RNA/liter. 
The purpose of the present study was to determine 
if the B. abortus components that inhibit PMNL de-
granulation are nucleotides or bases and, if so, to 
determine their identity. The ability of live B. abortus 
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to produce nucleotides or bases was also evaluated 
and compared with similarly treated preparations of 
Staphylococcus epidermidis and Escherichia coli. 
Materials and Methods 
Preparation of bacterial fractions. The proce-
dures used to obtain the PMNL inhibitory fractions 
produced by B. abortus have previously been de-
scribed in detail [1]. Smooth strain 2308 of B. abortus 
was grown in a fermentor containing 12 liters of 
medium composed of Bacto-dextrose (30 g/liter), 
peptone "M" (30 g/liter), Bacto-yeast extract (10 g/li-
ter), NaH2P04 (9 g/liter), Na2HP04 (3.3 g/liter), and 
distilled water (Bacto® products; Difco, Detroit). Af-
ter incubation for 48 hr at 37 C, the cells were har-
vested and washed three times with 0.850Jo NaCl. The 
bacteria were then resuspended in 0.85% NaCl to 
a concentration of 4 x 10" cells/ml and heat killed 
at 65 C for 1 hr. The killed cells were pelleted, and 
the resulting supernatant was separated by molecu-
lar filtration through a 1,000-dalton exclusion filter 
(YM2®, Amicon, Lexington, Mass). The filtrate was 
designated as the <1,000-dalton fraction. 
Preparations of nucleotide or base. Authentic 
samples of cyclic 5'-adenosine monophosphate, 5'-
adenosine monophosphate 5'-cytidine monophos-
phate, 5'-uridine monophosphate, and 5'-guanosine 
monophosphate (GMP) and of the bases adenine, 
cytosine, uracil, and guanine were purchased from 
Sigma (St. Louis). 
HPLC. The <1,000-dalton fraction was further 
purified by reverse-phase HPLC. Briefly, 1.0-ml sam-
ples were injected onto a reverse-phase C,s column 
(J.LBondapack®, 7.8 x 300 mm; Waters Associates, 
Milford, Mass). The mobile phase consisted of a so-
lution of 5% methanol and 0.1% ammonium bicar-
bonate in water adjusted to pH 6.4 with 1 N HCI. 
The flow rate during the separation was 1.5 ml/min, 
and the effluent was monitored at 254 nm. HPLC 
fractions 3 and 10, which possessed PMNL suppres-
sive activity, were collected and dried in a lyophilizer 
to remove the volatile solvent components. After dry-
ing, the fractions were resuspended to their injec-
tion volume. HPLC fraction 3 was rechromato-
graphed by using the same solvent and column, with 
a flow rate of 1.0 ml/min, to obtain the suppressive 
fraction 3b. 
HPLC analyses of the authentic nucleotide and 
base samples, as well as mixtures of these materials, 
and the two purified inhibitors from B. abortus were 
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performed by using the same column, and solvent 
and of 1.0 ml/min flow rate. 
Thin-layer chromatography (TLC). Confirmation 
of HPLC identification was obtained by using TLC. 
Samples (0.05 ml) of either of the B. abortus com-
ponents (0.05 mg), nucleotide and base preparations 
(0.05 mg), or mixtures of both were applied to 
normal-phase silica gel plates (silica gel G; Analtech, 
Newark, Del). The mobile phase consisted of a solu-
tion of 70% propanol in water. After separation, the 
plates were exposed to short-wave (260 nm) UV light, 
and the Rr values for the compounds were deter-
mined. 
Preparation of PMNLs. Eight apparently heal-
thy adult mixed-breed steers free of detectable anti-
body to B. abortus were used as a source of PMNLs 
throughout the course of this study. These animals 
were housed in outdoor pens and fed hay and grain 
once daily. None of the animals had any known ex-
posure to B. abortus. Bovine PMNLs were isolated 
as previously described [5]. Peripheral blood was col-
lected in an acid-citrate-dextrose solution and cen-
trifuged. The resulting plasma and buffy coat cells 
were discarded. Erythrocytes present in the packed 
cell layer were lysed with phosphate-buffered deion-
ized water, and the remaining cells, which were gener-
ally >90% granulocytes, were washed and 
resuspended in PBS (pH 7.2) to a concentration of 
5 x 107 cells/mi. 
PMNLfunction tests. PMNL function tests were 
performed by using a modification of procedures 
previously described [5]. The assays were conducted 
in 96-well plates with membrane filters attached to 
the bottom of the wells (Millititer®, model SV; Mil-
lipore, Bedford, Mass). 
The first assay measured ingestion of S. aureus. 
Heat-killed S. aureus labeled with ['25l]iodo-deoxy-
uridine (['25I]UdR; Amersham, Arlington Heights, 
Ill) were used to evaluate ingestion by PMNLs. The 
test was conducted in duplicate, and the average of 
duplicate values was used for calculation. The stan-
dard reaction mixture contained 0.05 ml of ['25I]UdR-
labeled S. aureus in PBS, 0.025 ml of PMNLs in PBS 
(1.25 x 106 PMNLs; 60:1 bacteria:PMNL ratio), 
0.025 ml of 1:10 dilution of bovine antiserum to 
S. aureus, and 0.1 ml of Earle's balanced salt solution 
(EBSS; GIBCO, Grand Island, NY). To determine the 
effects of nucleotides, bases, or bacterial fractions 
on ingestion by PMNLs, we added 0.05 ml of a bac-
terial fraction (3b or 10, 0.2 mg/ml in PBS), 0.05 
ml of a nucleotide or base preparation (0.2 mg/ml 
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in PBS), or 0.05 ml of PBS (as a control) to the stan-
dard reaction mixture. The reaction was started with 
the addition of PMNLs. After incubation at 37 C 
for 10 min with agitation (Microshaker®; Dynatech, 
Alexandria, Va), the extracellular S. aureus was lysed 
by lysostaphin (1 IU in PBS, 0.1 ml) treatment for 
30 min at 37 C. The PMNLs were washed twice with 
0.25 ml of PBS by filtration, and the filters were 
transferred to 12 x 75-mm tubes. The amount of 
PMNL-associated radioactivity trapped on a filter 
was determined, and the results were expressed as 
the percentage of labeled S. aureus that were ingested. 
The second assay measured reduction of cyto-
chrome c. This test measured the amount of superox-
ide anion produced by PMNLs during the oxidative 
metabolic burst. The test was conducted in triplicate, 
and the average oftriplicate values was used for cal-
culation. The filters of the wells were prewetted with 
a solution of 0.5 o/o bovine serum albumin before the 
addition of reaction reagents. The standard reaction 
mixture contained 0.075 ml of cytochrome c solu-
tion (stock solution: 538 J.LM in EBSS without phe-
nol red; GIBCO), 0.025 ml of PMNLs in PBS (1.25 
X 1()6 PMNLs), and 0.025 ml ofpreopsonized zymo-
san (7.5 mg/ml in EBSS without phenol red). Mea-
surement of superoxide anion production by rest-
ing PMNLs was performed similarly, except the 
preopsonized zymosan was replaced with 0.025 ml 
of EBSS without phenol red. Control and principal 
wells contained the same final volume of fluid. To 
determine the effects of nucleotides, bases, or B. abor-
tus fractions on superoxide anion production by 
PMNLs, we added 0.050 ml of a B. abortus fraction 
(3b or 10, 0.2 mg/ml in PBS), 0.05 ml of a nucleo-
tide or base preparation (0.2 mg/ml in PBS), or 0.05 
ml of PBS (as a control) to the standard reaction 
mixture. The reaction was started with the addition 
of PMNLs. After incubation at 37 C for 30 min with 
agitation, the culture filtrates were collected into a 
conventional 96-well flat-bottomed plate. The en-
trapped PMNLs were washed twice by filtration with 
0.075 ml of EBSS without phenol red, which was 
also collected. The plates were agitated briefly, and 
the OD of the solutions at 550 nm was determined 
by using a microELISA spectrophotometer (model 
MR 600; Dynatech). 
The third assay, an iodination assay (a measure 
of MPO-H202-halide activity by PMNLs), was per-
formed in duplicate, and the average of duplicate 
values was used for calculations. The standard reac-
tion mixture contained 0.025 ml of PMNLs (1.25 x 
Canning, Roth, and Deyoe 
106 PMNLs), 0.1 J.LCi of 1251 in 0.025 ml of EBSS 
(carrier-free; Amersham), 0.025 ml of Nal in EBSS 
(20 nmol), 0.025 ml of preopsonized zymosan (7 .5 
mg/ml in EBSS), and 0.1 ml of EBSS. Iodination 
by resting cells was determined similarly, but preop-
sonized zymosan was omitted from the reaction mix-
ture. To determine the effects of nucleotides, bases, 
or B. abortus fractions on MPO-H202-halide activ-
ity of PMNLs, we added 0.05 ml of a B. abortus frac-
tion (3b or 10, 0.2 mg/ml), 0.05 ml of a nucleotide 
or base preparation (0.2 mg/ml), or 0.05 ml of PBS 
(as a control) to the standard reaction mixture. The 
reaction was started with the addition of PMNLs. 
After incubation at 37 C for 20 min with agitation, 
the cells were washed twice by filtration with 0.25 
ml of PBS, and the filters were transferred to 12 x 
75-mm tubes. The amount of entrapped radioactiv-
ity was determined, and the results were expressed 
as nmoles of Nal per 107 PMNLs per hour. 
To determine the effects of bacterial fractions or 
nucleotides on each PMNL function, we compared 
the value obtained when a bacterial fraction or 
nucleotide preparation was added to PMNLs with 
the value obtained with control (PBS-treated) 
PMNLs from the same animal. Either an analysis-
of-variance procedure (blocked by day) or Student's 
t test was used to determine the significance of the 
differences in PMNL function. For data presenta-
tion, all treatment values are expressed as a percent-
age of the control, which is defined as (the ex-
perimental value/control value) x 100. 
Inhibitor release by live bacteria. To determine 
if live B. abortus elaborate inhibitors into their sur-
roundings, we used HPLC and TLC analyses to 
evaluate the medium in which the bacteria had been 
incubated. Strains of S. epidermidis and E. coli were 
also similarly evaluated for their ability to release 
inhibitors. Briefly, B. abortus cells were grown in a 
fermentor and washed as described above. Overnight 
cultures of S. epidermidis (ATCC 14990) and E. coli 
(ATCC 25922) were obtained from the Mastitis Re-
search Unit (National Animal Disease Center, Ames, 
Iowa) and inoculated into flasks containing 200 ml 
of the same medium used for growing B. abortus. 
After incubation for 24 hr at 37 C with agitation, 
the cells were harvested by centrifugation and washed 
three times with 0.85% NaCl. All bacteria were re-
suspended in EBSS to a density of 1011 cells/ml and 
incubated at 37 C for 2 hr. After incubation, the cells 
were pelleted by centrifugation, and the culture su-
pernatant was filtered twice through 0.45-J.Lm filters 
This content downloaded from 129.186.176.217 on Wed, 28 Oct 2015 17:11:14 UTC
All use subject to JSTOR Terms and Conditions
Release of Purines by B. abortus 
and checked for sterility. The filtrate was then sepa-
rated by molecular filtration through a 1,000-dalton 
cutoff filter, and the <1,000-dalton portion of the 
culture supernatants was examined for the presence 
of nucleotides or bases by coelution or comigration 
with authentic nucleotide or base preparations, as 
described above. 
Transmission electron microscopy of heat-killed 
B. abortus. Samples of heat-killed B. abortus were 
examined by transmission electron microscopy to de-
termine if the heating process damaged the organ-
isms and resulted in release of intracellular nucleo-
tides or bases. Bacteria were grown and heat killed 
as described above. The bacterial suspension was 
then fixed with 2.50Jo electron microscopic grade 
glutaraldehyde in 0.1 M sodium cacodylate buffer 
(Electron Microscopy Sciences, Fort Washington, 
Pa) for 30 min. The bacteria were washed twice with 
distilled water and stained with phosphotungstic acid 
by using the method of Brenner and Horne [6]. Ap-
proximately 500 organisms were examined with a 
Philips 410 electron microscope (Philips Electronic 
Institute, Mahwah, NJ) at an accelerating voltage of 
60 kV. 
Results 
HPLC analyses of bacterial fractions and nucleo-
tides. Analysis of B. abortus fractions 3b and 10 
& ~ & 
Rf=0.3 Rf=0.3 Rf=0.3 
GMP B. abortus 
3b 
GMP 
+ 
B. abortus 
3b 
11.7 em 
~ @> ~ 
Rf = 0.46 Rf= 0.46 Rf =0.46 
ADENINE B. abortus 
10 
ADENINE 
+ 
B. abortus 
10 
Figure 1. Normal-phase TLC separation of GMP, ade-
nine, and bacterial fractions 3b and 10. 
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Figure 2. Effects of GMP (hatched columns), adenine 
(white columns), and bacterial fractions 3b (stippled 
columns) and 10 (black columns) on bovine neutrophil 
functions. Bars represent the mean ± SE of eight experi-
ments. In assays a, the GMP concentration was llO !.J.M 
(0.04 mg/ml), the adenine concentration was 300 !J.M (0.04 
mg/ml), and the concentrations for fractions 3b and 10 
were each 0.04 mg/ml. In assay b, the GMP concentra-
tion was 160 !.J.M (0.06 mg/ ml), the adenine concentration 
was 430 !.J.M (0.06 mg/ml), and the concentrations for frac-
tions 3b and 10 were each 0.06 mg/ ml. •, P < .05; ••, P 
< .01. 
and the authentic nucleotide and base preparations 
by HPLC indicated fraction 3b coeluted with GMP; 
B. abortus fraction 10 coeluted with adenine. None 
of the other nucleotides or bases coeluted with ei-
ther of the bacterial fractions. 
TLC analysis. The results of TLC studies are 
shown in figure 1. When exposed to short wave UV 
light, fraction 3b produced one spot with an Rr of 
0.30. The authentic sample of GMP also produced 
one spot with an Rr of 0.30. Fraction 3b and GMP 
comigrated when mixed together and applied to the 
plate. B. abortus fraction 10 produced one spot with 
an Rr of 0.46. Adenine also migrated with an Rr of 
0.46, whereas a mixture of fraction 10 and adenine 
comigrated to produce a single spot with an Rr of 
0.46. None of the other nucleotides or bases of co-
migrated with either of the bacterial fractions. 
Effects of bacterial fractions, GMP, and adenine 
on PMNL functions. The results of the S. au reus 
ingestion studies are shown in figure 2. None of the 
materials tested (final concentration, 0.04 mg/ml) 
had any significant (P > .05) effect on the ability 
of PMNLs to ingest bacteria. The mean ( ± SE) value 
for S. aureus ingestion by control PMNLs was 47% 
± 6%. 
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Figure 3. Effects of various concentrations of bacterial 
fraction 3b (0) and GMP (e) on iodination by bovine 
PMNLs. Bars represent the mean ± SE of five experiments. 
The results of the cytochrome c-reduction assays 
are also shown in figure 2. The ability of PMNLs 
to produce superoxide anion in response to op-
sonized zymosan, as measured by reduction of 
cytochrome c, was not decreased in the presence of 
any of the materials tested (final concentration, 0.06 
mg/ml). The mean(± SE) value for cytochrome C 
reduction (as measured by OD) by control PMNLs 
was 0.457 ± 0.008. The effects of GMP, adenine, 
and the bacterial fractions on the ability of PMNLs 
to iodinate proteins are shown in figure 2. Iodina-
tion was significantly (P < .01) suppressed to 620Jo 
± 7% of control (mean ± SE control value, 40 ± 
8 nmol Nal/10' PMNLs per hr) by GMP (0.04 
mg/ml, 110 JlM} and to 68% ± 9% of control by 
B. abortus fraction 3b (0.04 mg/ml). Significant (P 
< .05) reductions of iodination to 76% ± 8% and 
83% ± 11% of control also occurred in the pres-
ence of adenine (0.04 mg/ml, 300 JlM} and B. abortus 
fraction 10 (0.04 mg/ml). 
Inhibitory activity of GMP, adenine, and the bac-
teria/fractions. Various concentrations of adenine, 
GMP, and B. abortus fractions 3b and 10 were evalu-
ated for their influence on iodination by bovine 
PMNLs (figures 3 and 4). The inhibitory activities 
expressed by all of the fractions were dependent on 
concentration. None of the fractions completely in-
hibited the iodination reaction, even at the highest 
concentration tested. The shape of the titration 
curves for fraction 3b and GMP are similar, as are 
the curves for fraction 10 and adenine. 
Release of inhibitors by live bacteria into culture 
medium. Results of the HPLC studies involving the 
culture supernatant fluid from live B. abortus cells 
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Figure 4. Effects of various concentrations of bacterial 
fraction 10 (0) and adenine (e) on iodination by bovine 
PMNLs. Bars represent the mean ± SE of five experiments. 
indicated that both GMP and adenine are produced 
by viable bacteria. Results of HPLC analyses of cul-
ture supernatant fluids from S. epidermidis or E. coli 
indicated that neither organism released any mate-
rials that coeluted with either GMP or adenine. 
Results of TLC studies involving culture superna-
tants from S. epidermidis or E. coli confirmed that 
neither organism produced detectable amounts of 
either GMP or adenine. 
Mixtures of adenine (300 Jlm) and GMP (110 Jlm) 
were evaluated for their ability to block iodination 
in the presence of S. epidermidis or E. coli. Iodina-
tion was significantly (P < .01) suppressed to 47% 
± 4% and 50% ± 2% of control by these molecules 
in the presence of S. epidermidis or E. coli, respec-
Figure 5. Transmission electron photomicrograph of a 
negatively stained B. abortus after being heated at 65 C 
for 60 min. 
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tively. Neither bacteria alone suppressed iodination 
significantly (P > .05). 
Electron microscopy of heat-killed B. abortus. 
Observing negatively stained preparations of heat-
killed B. abortus by transmission electron micros-
copy indicated that the bacteria remained intact 
through the heating process. All of the the organ-
isms exhibited typical rugate, gram-negative cell sur-
face morphology, as shown in figure 5. 
Discussion 
The results of the current studies indicated that 
B. abortus fractions 3b and 10 behaved identically 
to GMP and adenine, respectively, when analyzed 
by HPLC and TLC and that the biologic effects of 
GMP and adenine on bovine PMNL functions were 
similar to those of fractions 3b and 10, respectively. 
Results of the TLC studies (figure 1) indicated that 
fraction 3b produced one spot with an Rr value of 
0.30 when exposed to UV light. This finding is con-
tradictory to previously reported results [1] that in-
dicated fraction 3b was composed of two materials, 
one with an Rr of 0.31, and the other with an Rr of 
0.47. The material with an Rr value of 0.47 comi-
grates with B. abortus fraction 10. We believe that 
this discrepancy may have been due to the contami-
nation of fraction-3b samples with some fraction-
to material. 
It is possible that the GMP and adenine found in 
the supernatant from heat-killed cells could have 
been released by bacteria damage during the heat-
ing process. Transmission electron microscopic ob-
servation of negatively stained preparations of heat-
killed B. abortus, however, indicated that the bacte-
ria remained intact (figure 5). These results indicate 
that leakage of intracellular nucleotides and bases 
into the culture supernatant is unlikely. 
The ability of live bacteria to elaborate nucleo-
tides and bases into their surroundings was evalu-
ated by HPLC and TLC analyses of medium in 
which the cells had been incubated. Results of these 
studies indicated that both GMP and adenine were 
produced by live B. abortus. The amount of mate-
rial released by viable organisms under the condi-
tions tested was insufficient to cause a significant 
reduction in iodination activity of bovine PMNLs 
in suspension in vitro. This may be due to the rela-
tive firmness of associations between the nucleotides, 
bases, and other components of the bacterial sur-
face. Although the components were not released by 
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viable bacteria in sufficient quantities to suppress 
iodination in vitro, they could be sufficiently exposed 
to react with receptors on the PMNL surface, an oc-
currence leading to inhibition of iodination in vivo. 
Conversely, mild heating of the bacteria resulted in 
release of sufficient quantities of the surface nucleo-
tides and bases to cause detectable inhibition of io-
dination in vitro. 
If production of GMP and adenine are important 
for the intracellular survival of a bacterium, it seems 
likely that organisms readily killed by PMNLs would 
not produce these molecules. Results of the HPLC 
and TLC studies used to evaluate production of GMP 
and adenine by S. epidermidis and E. coli indicate 
that neither of the strains tested produce detectable 
amounts of either GMP or adenine. It is important 
to note that these results are valid only for the cul-
ture conditions used. Different strains of either or-
ganism grown under different conditions could yield 
different results. It is also possible that presenting 
these molecules on the bacterial surface could be a 
means of facilitating intracellular survival by a vari-
ety of intracellular pathogens. This hypothesis is fur-
ther supported by recent studies indicating that Hae-
mophilus somnus, another pathogen that is able to 
survive within PMNLs [7], also produces GMP, ade-
nine, and guanine extracellularly [8]. 
Oxidative metabolism by PMNLs is an important 
prerequisite for oxygen-dependent bactericidal ac-
tivities. Upon stimulation, oxidase enzymes in the 
PMNL plasma membrane catalyze the conversion 
of oxygen to superoxide anion. Cytochrome c is 
directly reduced by superoxide anion; therefore, 
reduction of cytochrome c is a measure of superox-
ide anion production by the PMNLs. None of the 
materials tested inhibited the superoxide anion-de-
pendent reduction of cytochrome c. Previous studies 
[9, 10] have indicated that ingestion of B. abortus 
does not stimulate production of superoxide anion 
by PMNLs. These studies also indicated that if the 
respiratory burst is stimulated by another phagocy-
tosable particle, B. abortus does not inhibit the for-
mation of superoxide anion. Our work evaluated the 
ability of PMNLs metabolically stimulated with op-
sonized zymosan to carry out the respiratory burst 
in the presence of nucleotides, bases, or bacterial 
fractions. The results of these experiments indicate 
that none of these substances inhibit the stimula-
tion of the respiratory burst or the production of su-
peroxide anion (figure 2). 
The iodination assay evaluates the ability of 
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PMNLs to bind inorganic iodide to proteins through 
the action of the MPO-H202-halide antibacterial sys-
tem. The iodination reaction depends on the gener-
ation of H202, the degranulation of primary gran-
ules to release MPO, the presence of iodine, and the 
unimpaired activity of the MPO enzyme to catalyze 
the reaction. The results of the PMNL iodination 
studies indicated that GMP suppressed the ability 
of PMNLs to iodinate proteins to 620Jo of control, 
a value similar to the 68% of control obtained with 
the same concentration of fraction 3b. Adenine in-
hibited the MPO-H20rhalide activity of PMNLs to 
76% of control, compared with 83% of control ob-
tained with the same concentration of B. abortus 
fraction 10. Previous work [2] indicated that inhibi-
tion of iodination by the <1,000-dalton fraction of 
B. abortus strongly correlated with specific inhibi-
tion of peroxidase-positive granule degranulation. 
Fractions 3b and 10 are the only materials present 
in the <1,000-dalton fraction that have any effect on 
iodination activity. These results suggest fraction 3b 
(GMP) and 10 (adenine) are the materials responsi-
ble for inhibiting the release of peroxidase-positive 
granules. Inhibited degranulation of peroxidase-
positive granules would reduce the release of MPO 
enzyme into the phagolysosome and thus reduce the 
iodination of proteins. These findings are consistent 
with studies indicating that purine nucleosides de-
press degranulation by murine macrophages [3]. 
In the present experiments, GMP at 0.04 mg/ml 
(or 110 J.Lm) inhibited iodination to about 65% of 
control. In similar experiments, Chiang et al. [8] 
reported that 125 Jlm of GMP inhibited iodination 
by bovine neutrophils to rv9()% of control. We found 
this difference to be due to differences in the proce-
dures for the iodination assay. When the same prep-
aration of GMP (110 J.Lm) was tested in both the mi-
crotiter iodination assay (used in these experiments) 
and the test-tube iodination assay (used by Chiang 
et al. [8]), a greater inhibition of iodination occurred 
with the microtiter procedure (72% of control vs. 
90% of control). These results indicate that the mi-
crotiter iodination assay is more sensitive for detect-
ing suppression of iodination when compared with 
the test-tube procedure. 
The results presented here indicate that one of the 
Canning, Roth, and Deyoe 
mechanisms by which B. abortus may escape intra-
cellular killing by PMNLs is through the production 
of GMP and adenine, which inhibit the MPO-H202-
halide antibacterial system of bovine PMNLs. Due 
to their small size, these molecules are not immuno-
genic in their native form and escape detection by 
the bovine immune system while facilitating the in-
tracellular survival of B. abortus. If the inhibitory 
effects of GMP and adenine on PMNL function can 
be blocked through either immunologic or phar-
macological means, it may be possible to enhance 
the ability of PMNLs to destroy the bacteria and in-
crease the effectiveness of the bovine immune sys-
tem against B. abortus. 
References 
I. Canning PC, Roth JA, Tabatabai LB, Deyoe BL. Isolation 
of components of Brucella abortus responsible for inhibi-
tion of function in bovine neutrophils. J Infect Dis 1985; 
152:913-21 
2. Bertram TA, Canning PC, Roth JA. Preferential inhibition 
of primary granule release from bovine neutrophils by a 
Brucella abortus extract. Infect Immun 1986;52:285-92 
3. Riches DWH, Watkins JL, Henson PM, Stanworth DR. Regu-
lation of macrophage lysosomal secretion by adenosine, 
adenosine phosphate esters, and related structural analogues 
of adenosine. J Leukocyte Bioi 1985;37:545-57 
4. Corbel MJ, Brewer RA. Isolation and properties of an RNA 
fraction present in Brucella culture supernatants. J Hyg 
(Lond) 1980;84:223-36 
5. Roth JA, Kaeberle ML. Isolation of neutrophils and eo-
sinophils from the peripheral blood of cattle and compari-
son of their functional activities. J Immunol Methods 
1980;45:153-64 
6. Brenner S, Horne RW. A negative staining method for high 
resolution electron microscopy of viruses. Biochim Biophys 
Acta 1959;34:103-10 
7. Czuprynski CJ, Hamilton HL. Bovine neutrophils ingest but 
do not kill Haemophilus somnus in vitro. Infect Immun 
1985;50:431-6 
8. Chiang YW, Kaeberle ML, Roth JA. Identification of sup-
pressive components in Haemophilus somnus fractions 
which inhibit bovine polymorphonuclear leukocyte func-
tion. Infect Immun 1986;52:792-7 
9. Morris JA. The interaction of Brucella abortus 544 and neu-
trophil polymorphonuclear leucocytes. Annali Sclavo (Siena) 
1977;19:143-50 
10. Kreytzer DL, Robertson DC. Surface macromolecules and 
virulence in intracellular parasitism: comparison of cell enve-
lope components of smooth and rough strains of Brucella 
abortus. Infect Immun 1979;23:819-28 
